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Abstract- To achieve optimal dryer performance, the process parameters required for both the optimization and control of the drying process 
must be made available via the instrumentation system. A few works have been reported on the development of instrumentation systems for 
handling drying system parameters. Out of which, some are deficient in the number of drying process parameters that can be handled, while 
others are unreliable and inaccurate. Therefore, there is the need to develop a microcontroller-based instrumentation system that can monitor, 
measure, control, display and store the main drying process parameters and sample weight with a high degree of reliability and accuracy. In 
this study, the sensors were selected based on system specifications and interfaced with the microcontroller. The codes for controlling, logging 
and displaying of drying parameters were developed and installed on the microcontroller. When tested at steady-state conditions, the system 
yielded satisfactory results with maximum control and detection errors being 2.0% and 1.8% for the temperature and sample weight, 
respectively. The developed system can be used for efficient computation of both the dry and wet basis sample moisture content values and 
also detect the set sample weight. 
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1 INTRODUCTION 
rying is the process by which water molecules are 
extracted from the food material by evaporation. 
Most dryers have very low thermal efficiencies (Baxi, 
Patel, & Barve, 2015). The effects of drying air 
temperature and flow rate on drying sample were 
investigated by (Beigi, 2016), the results indicate that 
dehydration time decrease with both the temperature and 
flow rate while the effect on moisture diffusivity was 
opposite. It was also revealed that at a constant 
temperature, energy consumption increases with flow 
rate but at a constant flow rate, it decreases with 
temperature. The conclusion from (Beigi, 2016) was that 
the thermal and drying efficiencies increase with 
temperature and decrease with an increase in airflow rate.  
Ademiluyi et al., (2010) studied the effects of inlet air 
temperature, inlet air velocity, and feed rate on heat 
transfer in a rotary dryer during the drying of fermented 
grounded cassava. The results show that these drying 
parameters have significant effects on the heat transfer 
process. The results obtained from the study conducted 
by (Hanif et al., 2013) on drying of apricots using solar 
dryer indicates that drying efficiency, moisture lost, 
drying rate and drying time were significantly affected by 
both the air mass flow rate and drying temperature The 
sample drying rate increased with increase in 
temperature and air velocity but decreased with time 
(Ndukwu, 2009). Based on the aforementioned effects of 
drying parameters on the drying process, there is the need 
for an instrumentation system for drying parameters 
measurement and control for process optimisation. 
 
*Corresponding Author 
A modern instrumentation system consists of digital 
instruments made of both hardware and software used in 
monitoring, measuring, displaying, storing and 
controlling process parameters (Eren & Fung, 2009). The 
main drying process parameters common to all dryer 
types are the drying agent temperature, relative humidity 
(RH) and speed (Kocsis, et al, 2011). The use of an 
instrumentation system can greatly improve the quality, 
management, operation and efficiency of the drying 
process as these are functions of drying parameters 
(Kocsis et al., 2011; Zhang et al., 2013).  
The effects of drying parameters on corn drying 
experiments using pilot dryer were investigated by 
(Kocsis et al., 2011), where the temperature data were 
measured and collected with a measuring and data 
collecting system. The degrees of dehydration and airflow 
rate were respectively determined by a gravimetric 
method using the dryer in-built scale and an orifice 
pressure gauge equipped with frequency changer. It 
should be noted that this manual means of data collection 
may reduce the accuracy of the results due to direct 
human intervention. Saikia, Boruah, & Sarma, (2015) 
developed an instrumentation system sensor network 
comprising thermocouple and RH -to - voltage converter 
for temperature and RH sensing respectively in black tea 
fermentation and drying process. The thermocouple 
output was conditioned using dedicated signal 
conditioning, while the RH sensor output signal has been 
pre-conditioned, thus making both the parameter sensing 
and signal conditioning stages exist as one entity. Out of 
many drying parameters, only the temperature and RH 
were considered as drying process parameters. Zhang et 
al., (2013) instrumented a cross-flow circulation grain 
dryer for drying parameters detection; the moisture of the 
drying grains was not globally accounted for as the grains 
are in different locations and the sensor cannot have 
direct contact with all the grains at the same time.  
D 
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In Von Gersdorff et al., (2018) the sample was taken out of 
the dryer at a given time interval for weight measurement 
to determine the sample moisture content. This practice 
can lead to measurement error and also affect the steady-
state condition of the dryer. Darvishi (2017) monitored 
and measured the weight of the drying sample with a 
digital analytical balance by putting it at the top of the 
dryer and suspended the sample tray from the balance 
using nylon wire via an opening at the top of the dryer. 
Also, the temperature was monitored and measured 
using an infrared sensor. Since the balance was adapted 
but not designed for such an application, the accuracy 
may be compromised.  
Gupta, Sehgal, & Arora, (2013) measured the drying 
sample weight with a mechanical-based automatic 
weighing balance that employs linear variable differential 
transformer, precision full-wave rectifier, summing 
amplifier and a multi-meter to measure the voltage 
corresponding to the weight of the drying sample at any 
time. The air velocity was controlled using two sliding 
vents to vary the air incoming opening in the suction side 
of the blower. The system involved too many components 
comprising of both electrical and mechanical, thereby 
leading to increased weight and measurement error, 
while reducing system reliability. Two small cross-flow 
grain dryers were instrumented by (Han, et al 2012) for 
dryer model predictive control development, which was 
achieved by sensing the dryer temperature and grain 
moisture using temperature and moisture sensors 
respectively. The sensors, controllers, and actuators were 
distributed and the communication among these nodes 
was via a RS 485 data bus. Only the temperature and 
sample moisture were considered, while other process 
parameters were neglected in their study. Wireless 
temperature and RH sensors were employed for 
acquiring both the temperature and RH data in a Tobacco 
Dryer which was used to develop an ANN for data 
estimation and prediction (Martínez-Martínez et al., 
2012a) and process modelling (Martínez-Martínez et al., 
2012b). In their study, only the temperature and RH were 
taken into consideration. other drying process parameters 
were not considered.  
 
In most of the reviewed works, while some are deficient 
in the number of drying process parameters that can be 
handled, others are unreliable and inaccurate due to 
manual data collection, hence the need for this present 
study. The microcontroller-based instrumentation system 
presented here is capable of monitoring, measuring, 
displaying and storing sample weight and the main 
drying process parameters (temperature, airflow rate, 
and RH) with a high degree of reliability and accuracy. 
The system was programmed to control temperature and 
detect set sample weight simultaneously. 
 
2 METHODOLOGY 
2.1 OVERVIEW OF DRYER INSTRUMENTATION SYSTEM 
The stages involved in instrumentation system include 
sensing using physical parameter sensors and 
conditioning of the signal by the microcontroller of 
appropriate capacity for further usage. The model dryer 
operation was coordinated by using ATMEGA328 
microcontroller for the processing of the sensed 
parameters, as shown in the block diagram of Fig. 1. The 
choice of the microcontroller was based on low-cost, easy 
to program and availability. The user set and actual 
values for the temperature, airflow rate, and sample 
weight respectively were input to the microcontroller for 
parameter measurement, display, logging, and control. 
The RH was sensed, fed into the microcontroller for 
measurement, display and logging only.  
 
 
 
 
 
 
 
 
  
 
 
 
Fig. 1: Block diagram of the dryer instrumentation system 
2.2 SENSOR SELECTION 
The drier design specifications are as shown in Table 1, 
which are the major factors normally considered in sensor 
selection. 
Table 1. Dryer design specifications 
Drying process parameter Required range 
Temperature (°C) 0 - 80 ±2% 
Relative Humidity (%) 0 – 90 ±2% 
Sample weight (kg) 0 – 800 ±2% 
Airflow rate (m/s) 0 – 10 ±2% 
 
Based on Table 1 and the physical size of the dryer (0.3 m 
by 0.3 m by 0.68 m), DHT22 sensor was selected for the 
temperature and RH. Also, 1 kg load cell and Rev. P 
produced by Modern Device were selected for the sample 
weight and airflow rate sensing, respectively. 
2.3 TEMPERATURE MEASUREMENT AND CONTROL 
The dryer temperature was sensed using DHT22 sensor 
due to its high sensitivity, robustness, and pre-calibration 
compared to thermocouples. The algorithm of 
programme code embedded in the microcontroller for 
monitoring, measuring and controlling dryer 
temperature is presented in Section 2.6. The control mode 
employed is a bang-bang control algorithm due to its 
simplicity. The microcontroller processing speed is higher 
compared to the drying system's slow response. A 
hysteresis of 2°C was added to the algorithm to prevent 
the actuator from repeatedly switching ON and OFF 
(Martínez-Martínez et al., 2012). 
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2.4 AIRFLOW RATE MEASUREMENT AND CONTROL 
The rate at which a variable-speed-motor-driven fan 
blows drying air into the drying chamber was sensed 
using Rev. P airflow sensor. Based on the installed 
programme on the microcontroller shown in Section 2.6, 
the input signal was processed for display, storage, and 
control. The airflow rate was selected at the beginning of 
the experiment by selecting the motor speed 
corresponding to the required airflow rate from the 
datasheet (graphs of airflow rate versus motor speed). A 
closed-loop control scheme was adopted since the airflow 
rate must remain constant at the set value. 
2.5 SAMPLE WEIGHT MEASUREMENT AND CONTROL 
After interfacing the loadcell with the microcontroller via 
hx711 amplifier, calibration was carried out using a 
standard weight of known value. A dryer containing 
three trays was instrumented, therefore each tray has a 
dedicated loadcell. The initial and final values of the 
calibration factor of the load cells are shown in Table 2. 
The sample weight can be detected by selecting the 
required sample reference weight. The algorithm on 
which the embedded programme on the microcontroller 
for weight monitor, measurement and set weight 
detection was based is as shown in section 2.6. 
 
Table 2. Initial and final values of the calibration factor of 
the load cells 
 
Initial 
values 
Final values 
Load cell 1 8070 8075 
Load cell 2 6790 6590 
Load cell 3 8275 8325 
2.6 ALGORITHM FOR CONTROLLING, LOGGING AND 
DISPLAYING OF DRYING PARAMETERS 
S1: START 
S2: Get Sensed Data from the sensors 
S3: Assign variables to sensed data 
S4: Get User Set Input 
S5: Assign variables to user-set values 
S6: If Sensed > User Set deactivate the drier 
S7: If Sensed < User Set activate the drier 
S8: Display and Log the sensed data 
S9: If Reset Pin is high GOTO S2 
S10:  STOP 
2.7 HUMIDITY MEASUREMENT 
DHT22 sensor was used for the sensing of the dryer 
cubicle RH due to its compatibility with the 
microcontroller without the need for a signal 
conditioning unit. Based on the installed program whose 
algorithm is shown in section 2.7.1, the signal was 
processed for display and storage. The complete circuit 
diagram of the developed drier instrumentation system is 
as shown in Fig. 2.  
2.7.1 ALGORITHM FOR DISPLAY AND LOGGING OF RH 
S1: START 
S2: Get Sensed Data from the sensors 
S3: Assign variables to sensed data 
S4: Display and Log the sensed data 
S5: STOP 
2.8 DETERMINATION OF MOISTURE CONTENT 
The sample moisture content (𝑀𝐶) which is the amount of 
water content in the sample can be expressed either as dry 
basis (𝑀𝐶𝐷) or wet basis (𝑀𝐶𝑊). The mathematical 
expression for these categories of moisture content is as 
shown in equations (1) and (2) respectively (Raponi et al, 
2017). 
𝑀𝐶𝐷 =
𝑀𝑊
𝑀𝑅𝑆𝐶
           (1) 
 
𝑀𝐶𝑊 =
𝑀𝑊
𝑀𝑊+𝑀𝑅𝑆𝐶
         (2) 
where 𝑀𝑊 and 𝑀𝑅𝑆𝐶  are the amount of water in the sample 
and residual solid content in kg respectively. Based on 
equations (1) and (2) the code for computing, displaying 
and logging of 𝑀𝐶𝐷 and 𝑀𝐶𝑊 was developed using the 
algorithm of section 2.8.1 and coded into the 
microcontroller.  
2.8.1 ALGORITHM FOR CALCULATING, LOGGING AND 
DISPLAYING 𝑴𝑪𝑫 AND 𝑴𝑪𝑾 
S1: START 
S2: GET 𝑀𝑊 , 𝑀𝑅𝑆𝐶   
S3: 𝑀𝐶𝐷 = 𝑀𝑊/𝑀𝑅𝑆𝐶  
S4: 𝑀𝐶𝑊 = 𝑀𝑊/(𝑀𝑊 + 𝑀𝑅𝑆𝐶 ) 
S5: Display and Log 𝑀𝐶𝐷 , 𝑀𝐶𝑊 
S6: STOP 
2.9 LOGGING OF DRYING PARAMETERS 
The logging software interface was developed based on 
the algorithm shown in Section 2.9.1 using visual C#. The 
communication between this app and the microcontroller 
is via serial communication. The logging and the 
displaying interface are as shown in Fig. 3.  
2.9.1 ALGORITHM FOR DISPLAY AND LOGGING 
S1: START 
S2: Get data from the microcontroller 
S3: Assign variables to the fetch data 
S4: Display and Log retrieved data 
S5: ST0P 
3 PERFORMANCE EVALUATION 
To assess the performance of the developed 
instrumentation system, the dryer was used for drying a 
sample of 30g of Telfairia occidentalis vegetable, the 
process parameters were monitored, measured and 
logged at 300 s interval. The experimental setup consisted 
of the dryer and a personal computer as shown in Fig. 4. 
The temperature, airflow rate, RH, sample weights, 𝑀𝐶𝐷 
and 𝑀𝐶𝑊  were obtained and each plotted against drying 
time. For easy analysis of the system performance, the 
temperature, airflow rate, RH and sample weight on the 
3 trays of the dryer were plotted on the same axes as 
shown in Fig. 5. Similarly, 𝑀𝐶𝐷 and 𝑀𝐶𝑊 for the 3 trays 
were plotted on the same axes as shown in Fig. 6. Since 
the sample to be dried is food material, airflow rate of 6 
m/s was adopted (Chandramohan, 2018) and fixed for 
this experiment. 
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Fig. 2: Circuit diagram of the dryer instrumentation system 
 
Fig. 3: Software module for logging and displaying 
 
 
 
 
Fig. 4: Drying process experimental setup 
 
 
Fig. 5: Plots of drying process parameters against 
drying time 
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Fig. 6: Plots of moisture content against drying time 
4 RESULTS AND DISCUSSION 
It can be seen from Fig. 5 that the temperature increases 
from an ambient value of 26°C to the set value of 50°C 
within 600s of starting the process and remained between 
49°C and 51°C at steady-state, giving an error of 1°C (±2% 
steady-state error). The airflow rate started from 0 s with 
0 m/s and rose to a maximum of 6 m/s at 300 s and 
maintained the value for the remaining time of the 
experiment. The sample weight also reduces from the 
initial value of 30 g in each of the 3 trays to the set value 
of 10.00 g within 3900 s of drying and remained within 
9.85 g and 10.18 g between 3900 s and 4500 s given a 
maximum error of 0.18 g (1.8% steady-state error).  
The RH decreased from the initial value of 71% to 26% 
within 600 s of drying and stayed between the range of 
26% - 23% till the end. As revealed in Fig. 6, both the dry 
basis and wet basis moisture content values increased 
with increasing drying time. However, the rate at which 
the dry basis increases is higher compared to that of the 
wet basis because the base factor of the former reduces 
with time while that of the latter was constant. It can also 
be seen from Fig. 6 that the cumulative quantity of 
moisture removed from the sample increased with drying 
time until the set value is reached.  
The value of the steady-state error obtained for each of the 
drying parameters considered is a measure of system 
accuracy. The direct interfacing of all the sensors to the 
microcontroller to form just a unit in the developed 
system makes it more reliable compared to a system that 
involved several separate units integrated. 
5 CONCLUSION 
The drying process parameters were identified, and an 
instrumentation system was developed for a laboratory 
model dryer. The system was used to measure, display 
and control, where necessary, the drying process 
parameters. When tested at steady-state conditions, the 
system yielded satisfactory results with maximum 
control and detection errors being 2.0 and 1.8% for the 
temperature and sample weight, respectively. All the 
results obtained conform with that of a functional drying 
system, this confirmed the functionality of the developed 
system. The developed system will make laboratory 
drying experiments easy to carry out as many parameters 
can be determined with a high degree of accuracy and 
reliability. 
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